Abstract Obesity, whose prevalence is increasing, is associated with poor functional status at older ages. However, much of this evidence is cross-sectional with little known about longitudinal associations. We examined associations of body mass index (BMI), and change in BMI, with change in objective [walking speed (WS)] and selfreported (disability) measures of motor decline. Analyses included participants (65-85 years) from the Dijon center of the Three-City study (France) with up to five WS (N = 4007) and six disability assessments (N = 4478) over 11 years. Data were analyzed using regression models for repeated measures. Mean baseline WS was 153 cm/s. Compared to normal weight persons, obese participants at baseline walked slower and reported more disability; they also experienced 45 % faster WS decline (-18.63 vs. -12.85 cm/s/10 years, P = 0.002). Participants who lost or gained weight had 47 % (-18.85 cm/s/10 years, P \ 0.001) and 33 % (-17.08 cm/s/10 years, P = 0.002) respectively greater WS decline than participants in the normal BMI change category. 24 % of participants reported disability at least once during the follow-up, those who lost or gained weight had a 1.63 and 1.34 respectively higher odds of disability than participants in the normal BMI change category (P = 0.001). Associations remained after adjustment for covariates. In conclusion, obesity is associated with worse motor performances, a higher risk of disability, and faster motor decline. Our results underline the interest of repeated BMI and motor assessments to identify those at higher risk of disability.
Introduction
Motor function declines progressively across the adult lifespan with marked inter-individual heterogeneity as a result of aging and disease [1] . Poor motor performance in older adults is associated with adverse health events, such as disability and death [2, 3] . Understanding determinants of motor decline may allow the identification of high risk populations to develop preventive measures. The increasing burden of disability due to demographic changes makes this objective particularly salient.
Many countries are confronted with an obesity epidemic [4] . In France, the prevalence of obesity in those 65 years and older increased from 11.2 % in 1997 to 18.7 % in 2012, more markedly in this age group than in younger persons [5] . Obesity is associated with the risk of disability [6] [7] [8] [9] and worse motor performances when these are assessed once [10] [11] [12] [13] , but the results from studies about the association between obesity and subsequent motor decline remain inconclusive [12, [14] [15] [16] . Moreover, weight change is associated with the risk of disability [6] [7] [8] 14 ] but few studies have examined the association between weight change and either motor performances assessed once [13, 14] or motor decline over time [15, 16] . Accordingly, our objective was to examine the association of BMI and change in BMI over time with two measures of motor function: incident self-reported disability and change in clinically assessed walking speed (WS) over an 11-year follow-up. We hypothesized that both high BMI and gain in weight over time would be associated with incident disability and more pronounced decline in WS.
Methods

Study population
The Three City (3C) prospective cohort study recruited community-dwelling older subjects C65 years from electoral rolls in three French cities [17] . The present study is based on data from Dijon (n = 4931) where we undertook a study on motor performance. Participants B85 years were invited to the study center at baseline (1999) (2000) (2001) Older participants were seen at home. From wave 2 onwards, all participants were offered the opportunity of being seen at home. Wave 3 (2005 Wave 3 ( -2006 consisted of a self-administered questionnaire.
The study protocol was approved by the ethical committee of the Kremlin-Bicêtre University-Hospital (France); all participants gave written informed consent.
BMI and covariates
Weight was measured during clinical examinations or selfreported at all waves, height was measured or self-reported at baseline and wave 4. Clinical measures, preferred when available, were obtained for weight for 89 % of participants at baseline, 0 % at waves 1 and 2, 67 % at wave 4, 91 % at wave 5, and 81 % at wave 6; these proportions were of 89 % at baseline and 67 % at wave 4 for height. BMI (kg/m 2 ) was calculated as weight divided by height squared; baseline height was used to compute BMI at baseline and waves 1-2, and height from wave 4 for BMI at waves 4-6.
We identified covariates that could mediate the association between BMI and functional decline based on the literature. These include cognitive outcomes, depression, fractures and falls, osteoarthritis, diabetes, dyspnea, cardiovascular disease and hypertension which have all been associated with both BMI [18, 19] and motor function [1, [20] [21] [22] . Details of covariates assessments are available in supplementary methods. Covariates were assessed at baseline (age, sex, education, marital status) or all waves (cognitive function, depressive symptoms, bone fracture, falls, physical activity, knee or hip replacement for osteoarthritis, diabetes, dyspnea, cardiovascular disease, hypertension, hypercholesterolemia, regular use of nonsteroidal anti-inflammatory drug (NSAID) for joint pain, psychotropic drugs).
Walking speed
WS was measured in participants B85 years at the study center at baseline and waves 2, 4, 5, and 6 using two photoelectric cells (6 meters apart) connected to a chronometer. Participants were asked to walk at 'usual' and 'fast' (without running) speed. They started walking three meters before the start line. At wave 6, for participants B85 years seen at home, we used portable photoelectric cells (Racetime2 kit light radio, MicroGate Ò ) to measure WS using the same protocol, over 6 m in most instances (85 %) or shorter distances (3.5-5.9 m) otherwise.
WS (cm/s) was computed as 600 cm divided by time (seconds). Short-term reproducibility was assessed taking 2 measures 5 min apart in a random sample (n = 51). Intraclass correlation coefficients (SE) were: usual WS, 0.84 (0.02); fast WS, 0.92 (0.02) [20] . Change in WS over time was more pronounced for fast (-1.94 cm/s/year) than usual (-0.71 cm/s/year) speed [23, 24] . Random slope variability was higher for fast (2.47, SE = 0.24) than usual (1.11, SE = 0.13) WS. Given greater decline and interindividual variability, we used fast WS as the main outcome in the analyses; we undertook sensitivity analyses for usual WS. In the remainder of the paper, WS refers to fast WS.
Disability
Three domains of disability were assessed six times (baseline, waves 1, 2, 4, 5, 6). Mobility was assessed with the French translation of the Rosow and Breslau scale (ability to do heavy work around the house, walk half a mile, climb stairs) [25] . The Lawton-Brody instrumental activities of daily living (IADL) scale (French version) evaluated the ability to use a telephone, manage drugs and money, use public or private transport, and do shopping and, for women, to prepare meals and do housework and laundry [26] . Basic activities of daily living (ADL) were assessed through the Katz scale (need help with bathing, dressing, toileting, transferring from bed to chair, eating; French version); we excluded incontinence as it reflects organ impairment rather than functional limitation [27] . For each domain, participants were disabled if they could not perform C1 activity without a given level of help.
We constructed a hierarchical disability indicator, which defines four levels of increasing disability by summing responses to the three dichotomized disability items in a hierarchy (0 = fully independent; 1 = dependent only in relation to the Rosow scale; 2 = dependent on the Rosow scale and IADLs but not ADLs; 3 = dependent in all domains) [28] . As few persons were disabled in all domains, we compared those in groups 2/3 (moderate/severe) with those in groups 0/1 (no/light disability).
Statistical analysis
At each wave, we excluded participants [85 years and those with conditions causing gait impairment (Parkinson's disease, dementia, hip fracture in the previous 2 years, disabling stroke) or with missing data for covariates (height, education, marital status).
Baseline BMI (kg/m 2 ) was coded as a four-level variable (WHO classification): underweight (\18.5), normal weight (18.5-24.9), overweight (25.0-29.9), obese (C30). As few participants (\2 %) were underweight, we combined them with the normal group as excluding them did not affect our findings. The cross-sectional BMI-WS association at baseline was examined using linear regression and that with disability using logistic regression. Model 1 was adjusted for confounders, including age, sex, height (correlation coefficient with BMI = 0.01, P = 0.41), and for WS, education as well. Model 2 was further adjusted for MMSE, depressive symptoms, bone fractures (other than hip), falls, physical activity, diabetes, dyspnea, NSAIDs use, knee/hip replacement for osteoarthritis, psychotropic drugs use, cardiovascular disease, hypertension, and hypercholesterolemia.
Inspection of spaghetti plots of BMI trajectories over time (n = 4931) showed them to be linear, allowing us to model individual BMI trajectories over time using a linear mixed model. Time was modelled in years, divided by 10, so that regression coefficients represent change in the outcome variable for an increase of 10 years. The model also contained baseline age, sex, and their interactions with time. A dummy variable 'self-reported vs. measured BMI' was added to account for error in self-reported BMI. The intercept and slope (time) were treated as random effects. Each individual's baseline BMI was estimated as the sum of the fixed effects for the intercept and covariates and of the random intercept using best linear unbiased prediction (BLUPs), individual 10-year slopes of change in BMI were estimated in a similar way [29] . BMI was categorized as normal weight, overweight, and obese, and change in BMI categorized based on its mean change (0.38 kg/m 2 / 10 years) and standard deviation (SD = 1.47): 'decreasing' BMI for slopes less than -1.09 (mean -one SD); 'increasing' BMI for slopes C1.85 (mean ? one SD); 'normal change' otherwise.
The association of BMI and change in BMI with change in WS was examined using a linear mixed model with intercept and slope (time) as random effects; using age as the time scale led to the same conclusions. A visual inspection of the data showed that WS trajectories over time were linear, and we included the following terms in the model: intercept, baseline BMI, time (in years, divided by 10), time 9 baseline BMI, time 9 change in BMI, baseline BMI 9 change in BMI 9 time. This model allows the estimation of change in WS for the nine groups defined by the cross-tabulation of baseline BMI and BMI change. Because the 3-way baseline BMI 9 change in BMI 9 time interaction was not significant, we ran a simpler model without this term, assuming that the association between change in BMI and change in WS did not depend on baseline BMI. In addition to baseline BMI, change in BMI, and covariates included in the cross-sectional analyses (age, sex, height, education), we examined all 2-way interaction terms between these variables, and we retained in the final model interactions that were statistically significant (p B 0.05): baseline BMI 9 time, change in BMI 9 time, baseline BMI 9 sex, age 9 height, time 9 age, time 9 height. In sensitivity analyses, we examined the influence of missing WS through joint models, which jointly estimate the parameters of a linear mixed model and a survival model for time to drop-out. This approach allows the correction of longitudinal estimates by taking drop-out into account (supplementary methods). Because weight loss precedes death and dementia [30, 31] , we ran sensitivity analyses in order to assess whether they explained the association between BMI and decline in WS by excluding participants who developed dementia or died during the follow-up.
The association of BMI with disability over the followup was examined using a logistic mixed model with intercept and slope (time) as random effects with the following terms: intercept, baseline BMI, time (in years, divided by 10), time 9 baseline BMI, time 9 change in BMI. The 3-way baseline BMI 9 change in BMI 9 time interaction was not statistically significant and not included. Models 1 and 2 included the same covariates as above, as well as marital status and 2-way significant interactions: sex 9 age, sex 9 marital status, time 9 age, time 9 height.
Analyses were performed with SAS 9.3 (SAS Institute Inc, Cary, North Carolina). P-values are 2-sided and those B0.05 considered statistically significant.
Results
After excluding participants aged [85 years at baseline (n = 239), with conditions causing gait impairment (n = 171), with missing data (height, education, marital status, n = 18), 4503 participants were eligible. Among them 496 did not have any WS measure over the follow-up; they were older (77.4 vs. 73.4 years, P \ 0.001) and had higher baseline BMI (26.3 vs. 25.7 kg/m 2 , age-adjusted P \ 0.001) than participants with at least one WS measure. Of the 4007 participants in the analysis, 664 (16.6 %) had five WS measures, 575 (14.3 %) four, 568 (14.2 %) three, 898 (22.4 %) two, and 1302 (32.5 %) a single measure. Table 1 presents participants' baseline characteristics: 14 % of the participants were obese, baseline mean WS was 153 cm/s (SD = 31). Older, less educated, divorced/ separated/widowed, shorter, obese participants, women, and those in worse health walked slower.
Of 4503 participants eligible for disability analyses, 25 had missing data for disability at all waves. Analyses are based on 4478 subjects; 1091 (24 %) reported disability at least once over the follow-up, and were older, less likely to be men, less educated, more likely to be divorced/ separated/widowed, shorter, obese, and were in worse health than participants without disability (Supplementary Table 1) . Table 2 shows cross-sectional associations between BMI and WS (upper panel) and disability (lower panel). Overweight and obesity were associated with slower WS. Obesity but not overweight was associated with disability in model 1; this association was attenuated in the fully adjusted model.
Supplementary Table 2 shows the results of the linear mixed model for BMI; BMI increased over time, more slowly in men and older participants. 13 % of participants were in the decreasing BMI group (mean change: -2.07 kg/m 2 /10 years, SD = 1.02), 12 % in the increasing group (mean change: 2.90 kg/m 2 /10 years, SD = 1.05), and 75 % in the normal change category (mean change: 0.39 kg/m 2 /10 years, SD = 0.71). Baseline characteristics of these three groups are presented in Supplementary  Table 3 . Participants in the decreasing BMI group were oldest (sex-adjusted P \ 0.001), those in the increasing and decreasing BMI groups were more likely to be women (age-adjusted P \ 0.001) and divorced, separated or widowed (age-and sex-adjusted P \ 0.001). Finally, participants in the decreasing BMI group were heavier at baseline compared to those in the other two groups (26.9 vs. 26.2 and 25.4, age-and sex-adjusted P \ 0.001).
Ten-year WS change was estimated for nine groups defined by the cross-tabulation of baseline BMI and BMI change (Supplementary Table 4 ). Independently of BMI change, WS decline was more pronounced in obese participants compared to the normal BMI group. Independently of baseline BMI, WS decline was less pronounced in the normal change group compared to the decreasing and increasing groups. However, the association between change in BMI and change in WS did not depend on baseline BMI as the p value for the 3-way baseline BMI 9 change in BMI 9 time interaction was 0.69. Table 3 (upper panel) shows the results from a simpler model without this 3-way interaction term, assuming that both baseline BMI and change in BMI are independently associated with WS. This model suggests that obese participants at baseline, but not those overweight, had 45 % (P = 0.002) faster WS decline compared with normal weight participants. When compared to overweight, obesity was associated with faster decline (difference = -4.06 cm/s/10 years, 95 % Confidence Interval (CI) -7.67, -0.45, P = 0.03). Participants who lost or gained weight had 47 % (P \ 0.001) and 33 % (P = 0.002) greater WS decline respectively than participants in the normal change category (Fig. 1) . Table 6 ) showed that most associations examined in the study were accentuated, except for the association between decreasing BMI over time and decline in WS which was attenuated but remained statistically significant. Analyses based on usual WS (Supplementary Tables 7) led to the same conclusions as for fast WS. Table 3 (lower panel) shows longitudinal associations with disability. Obese persons had a higher risk of becoming disabled, although associations were not statistically significant. Compared to participants in the normal change category, those who lost or gained weight had a higher disability risk; the latter association became nonsignificant in model 2.
Discussion
Our analyses of the relationship between BMI and motor decline in older adults yielded several findings: (1) overweight and obese people walked slower at baseline than normal weight persons; the obese were more often disabled; (2) WS decline was more pronounced in obese participants compared to others; (3) independently of baseline BMI, persons in whom weight loss or gain was more pronounced experienced faster WS decline and more disability than others.
Our findings extend those from previous studies showing worse motor performance in obese persons, when BMI and motor function were measured simultaneously [32] or when BMI was assessed prior to motor function [10, 11] . Longitudinal studies in this domain are rarer. One study showed no influence of baseline weight on motor decline [12] , this study had a shorter follow-up (*6 years) with fewer mobility assessments (three) than ours. Another Body mass index trajectories and functional decline in older adults: Three-City Dijon cohort… 77 study examined the association between 2-year change in weight and subsequent lower body ADL limitations and onset of objectively assessed walking limitations over 5 years [14] . Weight loss was associated with greater risk of lower body ADL and walking limitations; weight gain was also associated with an increased risk of lower body ADL and walking limitations, although the latter association was not statistically significant. Another study showed that higher baseline weight was associated with greater WS decline over 10 years in women C65 years but weight loss was not associated with WS decline [15] . Our findings are in line with studies showing high BMI and weight loss [6] [7] [8] 33] or gain [7] to be associated with greater risk of self-reported outcomes such as disability and mobility impairment.
The main contribution of our study is that obese persons had a more pronounced WS decline compared to normal weight persons. Obesity is associated with an inflammatory state through production of cytokines by adipose tissue [34] , and inflammation has been shown to be associated with worse physical performance [35] . Obesity is associated with a range of adverse outcomes (e.g., hypertension, diabetes, cardiovascular disease, osteoarthritis) that affect motor function [36, 37] . Accordingly, the association between obesity and WS decline was attenuated after adjustment for comorbidities; dyspnea, knee/hip replacement for osteoarthritis, and diabetes played the stronger role. However, even after adjustment for a wide range of covariates, differences remained large and statistically significant. Obesity has a 'mechanical' effect on walking ability; obese persons are slowed down because they need to mobilize more weight. Biomechanical studies show that obese persons take shorter/wider strides, spend more time in the stance rather than the swing phase of the walking cycle, and are more erect throughout the stance phase than non-obese people, and therefore walk slower [38] [39] [40] . Adding mass to lean persons has been shown to lead to a deterioration of balance [41] .
Regarding overweight, the difference in baseline WS with normal weight persons was less pronounced than for obese persons, overweight persons had a more pronounced decline compared to those with normal BMI but the difference was not statistically significant. The risk of disability was not greater in overweight persons, possibly because overweight has a weaker health impact than obesity in older persons [42] .
Increasing BMI over the follow-up was associated with faster WS decline and an increased risk of disability. However, we cannot infer the causal direction of this association and there are two possible concurrent explanations. Weight BMI body mass index, MMSE mini-mental state examination, NSAID non-steroidal anti-inflammatory drug, WS walking speed a Based on 3704 participants with a baseline walking speed measure b Stroke, coronary heart disease, lower-limb arteritis gain may have adverse effects on mobility: as older people gain weight, they will have more difficulties in walking and performing daily activities. Alternatively, people who become disabled and have more trouble walking may gain weight as they become less active. Weight loss over the follow-up was associated with WS decline and disability. Motor decline and weight loss are two important components of frailty [43] , and it is likely that this association results from some participants becoming frail over the follow-up. A limitation of this study is that all the components of the frailty syndrome, such as grip strength, were not assessed in the study so we could not identify frailty cases in the study. However, obesity/ overweight and weight gain rather than frailty were the main focus of our paper. Weight loss can also result from some chronic conditions. In our analyses, associations between decreasing BMI and WS decline/disability were attenuated after adjustment for comorbidities, particularly depressive symptoms, diabetes, and poor cognition. Weight loss is associated with dementia [31, 44] , which is characterized by poorer motor performance [45] . Weight loss also precedes death [6, [46] [47] [48] [49] but these mechanisms did not fully explain our findings as analyses excluding subjects who developed dementia or died yielded similar findings.
Our findings need to be considered in light of some limitations. First, WS was not measured at each wave for all participants. We used various approaches (analyses of self-reported disability measures available for most participants, a statistical method to take missing values into account) to assess the robustness of our findings and reached similar conclusions. Second, we could not determine whether weight loss was intentional. However, we found an association between weight loss and WS decline in those with normal baseline weight, in whom weight loss is unlikely to be intentional. In addition, there is evidence that those who lose weight intentionally are not at higher risk of disability [8, 50] . Finally, only 2 % (N = 80) of participants were underweight at baseline, not allowing us to analyze this group separately. Underweight persons were Model 1b: Logistic mixed model adjusted for age at baseline (centered at 65 years), sex (reference, women), marital status (reference, married), height at baseline (centered at 162 cm), estimated baseline BMI (reference, normal), sex 9 age, sex 9 marital status, time 9 age, time 9 height. These analyses are based on 4478 participants f Model 2b: Model 1b ? MMSE, depressive symptoms, bone fractures, falls, physical activity, diabetes, dyspnea, regular use of NSAIDs for joint pain, hospitalization for osteoarthritis, use of psychotropic drugs, cardiovascular disease (stroke, coronary heart disease, lower-limb arteritis), hypertension, hypercholesterolemia. These analyses are based on 4270 participants without missing covariates less likely to be men than normal weight participants but after adjusting for sex, their walking speeds were similar (P = 0.65). It is likely that underweight participants who agreed to participate in the study were in good health. The small sample size of this group did not allow us to examine decline in WS with sufficient statistical power, instead we repeated the analyses by excluding these participants and found it to have a negligible impact on our findings. This study's main strengths include its large size and long follow-up with up to five WS, and six disability and BMI measures. The main outcome is an objective reproducible measure of motor performance, with findings that were largely similar using self-reported outcomes.
In conclusion, our study suggests that obesity is associated with worse motor performance, a higher disability risk, and faster motor decline. Given demographic changes, the current trends of increasing BMI and obesity may have important consequences for disability-free life-expectancy [51, 52] . Weight loss recommendations in older adults remain controversial [53] . Intentional weight loss (between 7 and 10 % of initial weight) in older overweight/obese persons through a combination of exercise and nutritional intervention is associated with improvement in WS [54] . Our results underline the interest of repeated BMI and motor assessments in older persons to identify those at higher risk of experiencing decline in WS or disability [43] . Fig. 1 Predicted walking speed trajectories according to estimated baseline BMI and change in BMI in the 3C-Dijon study. Solid line, normal change in BMI; long-dashed line, decreasing BMI; shortdashed line, increasing BMI. The intercept corresponds to the average walking speed for women aged 65 years at baseline, with low education, and a height of 162 cm. The estimates are derived from a mixed linear model adjusted for these covariates, and including sex 9 baseline BMI, age 9 height, time 9 age, and time 9 height interaction terms
